Steroids are an important source of chiral mesophases. The melting behavior and mesomorphic properties of homologous series of steroidal derivatives have been extracted from the literature, tabulated, and discussed. The tables provide the reader with an evaluated compilation of the type of mesophases found for the individual compounds, including their transition temperatures. Where the literature gives more than one set of, data for a specific substance, one has been chosen as the main reference, but all alternatives are listed in the footnotes. The data can be used for statistical analysis to show the specific role of substructures within the steroidal framework.
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Introduction
In 1888 was the inception of liquid crystal science as a new discipline. Since then, a multitude of steroidal systems 3 have been shown to exhibit liquid crystal behavior. Their inherent chirality, their natural abundance, and today's easy accessibility make them very interesting candidates for applications in modern liquid crystal (LC) technology. A typical recent application of liquid crystalline steroidal compounds is their use in cholesteric color pigments for the automobile industry.4 Steroids also play an important role as components of biological membranes. 5 Thus, cholesterol itself modulates the structural and dynamic properties of phospholipido double-layer memhranes, which have the characteristics of a smectic A phase of liquid crystals. Liquid crystalline proper:ties can serve as an indicator for self-organization in nature. The amount of work done in the field of steroidal research over the last 100 years makes a systematic representation of the mesomorphic properties of steroids and their analogs difficult. This is further complicated by the fact that many of the derivatives have been synthesized from corresponding natural steroids, isolated individually by the researchers themselves. In some cases different isolation techniques were used, resulting in material of different purity. Since the natural product chemist rarely looked for liquid crystalline behavior in his/her compounds, many subtleties in the identification of phases and phase transitions were not realized until very recently. Thus, in many cases, blue phases (BP), twist grain boundary phases (TGB A), and chiral smectic C phases J. Phys. Chern. Ref. Data, Vol. 26, No.2, 1997 (Sc*) were overlooked. Other times, the smectic C phase (Sd was mistaken for the smectic A phase (SA)' Moreover, the two most common phases, SA and the cholesteric phase (Ch), show very similar textures under the microscope.
Arrangement of Data
The melting behavior and mesomorphic properties of homologous series of steroidal derivatives are tabulated in Sec. 7. The data have been extracted from journals, patents, symposia abstracts. and Ph.D. theses. Where possible. the data have been checked for consistency. When available, data for the same compound, but from different sources have been included. Evident discrepancies or obvious misinterpretations of textures are mentioned. When more than one set of (divergent) data was found for a compound, the data which were the best fit for the homologous series were included within the table, while the divergent data can be found in the footnotes. Where there is more than one reference for a given value in the table, all references pertaining to that value are listed within the table.
All steroidal systems listed below are A/B-ring transconfigurated and have a 3f3 substituent. Compounds possessing an aromatic ring substituent (e.g., esters of aromatic acids) are excluded. Also excluded, are compounds which represent the single member found in the literature of a po-homologous series. The steroids covered are listed in tnblcs headed by their trivial names, where the steroids in table differ only in their 3 substituent.
Evaluation of Data
In certain cases, more than one description of the meso-f{\OI'phic behavior of a particular compound can be found in Hll' literature. An evaluation of the comparative quality of i.h('M~ data is not always unequivocal. In general, higher pub-U~hed transition temperatures speak for a higher purity of a ~ubstance. Very important is the evaluation of the data based {m the thoroughness with which the individual authors have dt"snibed textures and transition temperatures. A good indi-\!l\lion for the quality of data of an individual compound is its til in the homologous series. Thus it is possible to extrapolate tnlllsition temperatures from known data.
For the most part, microscopy is used to' accurately detertninetransition temperatures and textures. When differential M:ullI1ing calorimetry (DSC) has been used for discerning ttillisition temperatures, it is indicated in the tables. For the most part, any values given by DSC can be found in the footnotes of the tables.
1 n the cases where phases for steroidal systems have been characterized as being smectic (S) in the older literature, it qm be said with certainty that thesc are in fact smectic A phases (S=SA).6 Reported smectic C phases seem to be in-(:orrectly assigned. Smectic C phases should only be found in steroidal systems with aromatic ester and carbonate \ubstituents. 7
Mesophase Characteristics

Characterization of Mesophases
Crystals are characterized by a three~dimensional longrunge order of both position and orientation of the molecules. Isotropic liquids have no long-range order. Mesophases, as lin intermediate between the crystalline and the liquid state, {:xhibit an incomplete long-range order of position and/or orientation of the molecules.
All mesophases exhibiting liquid crystalline behavior have in common an ordering in orientation of anisotropic molecules. In the following, the mesophases listed in the tables and footnotes are described briefly. For a more detailed treatise of mesophases and textures, please consult Kelker. 8 The nematic phase (N) only exhibits long-range orientational order, where the long axes of the compounds align parallel.
The cholesreric phase (Ch) is closely related to the nematic phase. Chiral molecules ind.uce a twist in the nematic phase and therefore a helical ordering of the molecules. The blue phase (BP) is closely related to the cholesteric phase but exhibits a helical ordering in all three dimensions.
Both liquid crystals of the nematic and of the cholesteric phases possess relatively low viscosity and can be regarded as three-dimensional liquids from the point of positional order.
The smectic A phase (SA) exhibits layers of molecules, where the molecules are aligned parallel to each other and perpendicular to the plane of the layer. SA can also be regarded as a two-dimensional liquid in positional order of the molecules.
The smectic C phase (Sc) is closely related to SA. The difference to SA is that, while the molecules are arranged in layers, their long axes are not perpendicular but tilted to the plane of the layer.
Liquid Crystal Characteristics of Steroidal Lipids
Steroids are chiral molecules. Chirality has profound effects on the order of matter. It reduces symmetry. It induces helical ordering (see Sec. 4.1.) . In fact, there have been recent suggestions to use the helical ordering as a measure for quantifying chirality.
The behavior of compounds with liquid crystalline properties in general is that molecules with short chains show a nematic phase, while those with long chains exhibit a smectic phase. This can be specified further-molecules with one long chain show a smectic A phase, molecules with two long chains a smectic C phase. Reentrant phases (i.e., less ordered I phases at lower temperature than higher ordered phases) are only found for molecules with dipolar linking groups (e.g., COO, COS, CH-=N) and terminal polar groups (e.g., N0 2 , CN). Aliphatic liquid crystals generally show nematic and ordered smectic phases. Lipids other than steroids generally show highly ordered phases. such as smectic B phases (a phase of lipids).
As is evident from the following tables, steroids show interesting and different behavior compared to what was stated above for other classes of molecules. Thus steroids with substituents of long chain length show cholesteric phases, which is highly unusual for lipids in itself. A reentrant cholesteric l..lha~t; lJa~ ueCll llult;d fOf ~Ollle stel-oidal compounds, although these do not posses a polar group. In these molecules two cholesteric phases are separated by a smectic phase.
Blue phases are also quite common for s.ter()ici~11ipici~, hut this phase is not normally checked. More compounds with blue phases have been found in the chol-5-ene series than in the cholane series, although this has not been published yet.
The first example of a TGB A phase was discovered by Goodbl in 1989. Although there has only been one example where a TGB A phase lO has been found in a steroid, it may very well be that quite a few steroidal systems exhibit this phase.
Phase Behavior of Steroidal Lipids-
Statistical AnalysiS of Data
The statistical analysis of the data presented in shows that for the most part the range of the mesophases is small. Thus, most of the melting points (i .e., transitions from a crystal to any other phase) are in the vicinity of 80°C, but also most of the clearing points are around 80 °C. Table 3 shows that for 3,8-substituted cholest-5-enes there is only a gradual difference in clearing temperature (i.e., the temperature of the transition from any mesophase to the isotropic phase) among compounds with long chains and a much more marked effect among homologues with short chains (see also Fig. O. The clearing temperature decreases within one series for the following 3f3 substituents:
cos>coo>ocos>ocoo=oscoo>S.
It can be seen that the polarity of the substituent has no influence on the clearing temperature. The exchange thio for oxo in the ester and carbonate moieties increases the clearing temperature in otherwise identical systems, while the exchange of a thioether for an ether snhstituent decreases the clearing temperature. From the fit within the homologous series, the data for 3-(R-SCOO)-cholest-5-enes and for the 3-(R-S)-cholest-5-enes seem uncertain. It may be also interesting to note that there are few examples of steroids investigated as liquid crystals that are not linked by 0 or S to their 3,8 substituent. In only one case (see Sec. 7, Table 4 , compuumls 9-18) have 3-alkyl substitmed steroids been investigated as liquid crystals. These show high clearing temperatures and one might expect equally high clearing temperatures for esters of Marker's acid, the liquid crystalline behavior of which has not been investigated yet.
In Table 2 , the transition temperatures of five different sets of steroids are compared with those of the cholest-5-enes. Only the transition temperatures of pairs of molecules are compared, which have the same 3,8 substituent, giving a temperature difference for each pair. These temperature differences are averaged. The process is repeated for every transition type. Thus, it can be seen that on the average a cholestane system has a transition temperature (cholesteric to isotropic) that is 19.5 DC lower than that of a cholest-5-ene with the same 3,8 substituent. In all, it can be seen that small changes in the structure of a steroidal system in many cases lead to big differences in the mesomorphic properties of the compounds. From Table 2 no definite comparison of the melting points of the given steroidal series can be given due to the large statistical error. Nevertheless, it can be seen that sitosterine and stigmasterine favor smectic mesophases, while cholesterines favor cholesteric phases. Cholest-5-enes in general have comparatively high clearing points. Cr 118 [19, 20] 17 C3 H 7-CHB r-COO-
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